Isolation of plasmid DNA from viridans group streptococci is difficult, and preparations are often heavily contaminated with chromosomal DNA. We developed a simple protocol to isolate pure plasmid DNA for use in different molecular techniques, including automated sequencing. The protocol is also applicable for plasmid isolation from Staphylococcus aureus. In addition, the protocol allows isolation of pure endogenous plasmids from streptococci and S. aureus.
Isolation of plasmid DNA from viridans group streptococci is difficult, and preparations are often heavily contaminated with chromosomal DNA. We developed a simple protocol to isolate pure plasmid DNA for use in different molecular techniques, including automated sequencing. The protocol is also applicable for plasmid isolation from Staphylococcus aureus. In addition, the protocol allows isolation of pure endogenous plasmids from streptococci and S. aureus.
Isolation of plasmid DNA from viridans group streptococci and various other gram-positive bacteria is hampered by the rigidity of the bacterial cell wall. Isolation protocols developed for viridans group streptococci and lactococci (1, (4) (5) (6) often yield plasmid DNA contaminated with large amounts of chromosomal DNA. To obtain pure plasmid DNA, such preparations need to be purified by CsCl-ethidium bromide buoyant density gradient centrifugation, which is a time-consuming and laborious step. The availability of a rapid plasmid isolation protocol yielding pure plasmids will facilitate selection and recovery of specific genes using plasmid-based cloning systems, abolishing the need for chromosomal integration of selected DNA fragments.
For our studies on infective endocarditis due to viridans group streptococci, we have developed a plasmid isolation procedure which allows isolation of pure plasmid DNA from these bacteria within several hours. The plasmid DNA is sufficiently pure for restriction analysis, subcloning, and electrotransformation and can be sequenced effectively. The method is also suitable for the isolation of pure plasmid DNA from Staphylococcus aureus.
The protocol was developed with the endocarditis-causing Streptococcus sanguis strain U108 (3), carrying Escherichia colilactococcal shuttle vector pGKV210 (9) . The final plasmid isolation procedure is presented in Table 1 . Bacteria were grown without shaking in 15 ml of Todd-Hewitt broth (Oxoid Ltd., Basingstoke, Hampshire, England) supplemented with 5 g of erythromycin per ml and 0.5% glycine in 15-ml Falcon Bluemax polypropylene conical tubes (Becton Dickinson Labware, Franklin Lakes, N.J.) at 37ЊC overnight. The presence of glycine as a destabilizer of newly synthesized cell walls was crucial, since bacteria grown in broth not supplemented with glycine lysed poorly or not at all. Protoplast formation was accomplished by digesting the bacterial cell walls with mutanolysin (Sigma Chemical Co., St. Louis, Mo.) and an excess of lysozyme (Sigma) in 100 l of 50 mM Tris-HCl-10 mM EDTA (pH 8.0) at 37ЊC for 2 h. Variations to this protocol such as a shorter incubation time, excess of mutanolysin combined with a 10-fold-reduced amount of lysozyme, or additional treatment of the cells with proteinase K resulted in less-pure plasmids. Protoplasts were lysed by alkaline lysis, as described for E. coli (2) , to obtain a cleared lysate. After centrifugation, two methods to purify the plasmid DNA from the cleared lysate were compared: (i) three phenol-chloroform extractions, followed by RNase A treatment for 1 h at 37ЊC and a fourth phenolchloroform extraction to remove the RNase A; and (ii) one phenol-chloroform extraction and subsequent application of the lysate to a QIAGEN-tip 20 mini column, as described in the instructions of the manufacturer (QIAGEN GmbH, Hilden, Germany). The purities of the plasmid DNA obtained by both methods were similar, but the second method resulted in a two-to threefold-higher yield and was less time-consuming than the first method. Therefore, we used the second method as the standard purification step in our protocol (Table 1) . Phenol-chloroform extraction of the cleared lysate prior to application onto the QIAGEN column is crucial, since when this step was omitted, plasmid isolates were always heavily contaminated (Fig. 1, lanes 3 and 4) . Protocols supplied by QIAGEN GmbH for the isolation of plasmid DNA from either staphylococci or Bacillus cereus using a QIAGEN-tip 20 mini column were inappropriate to obtain purified plasmid DNA from Streptococcus sanguis U108. These protocols essentially differ from our protocol in the following: (i) growth of the bacteria in broth not supplemented with glycine, (ii) a much shorter treatment time, (iii) treatment with much lower amounts of lysozyme, and (iv) no phenol-chloroform extraction prior to application of the lysate onto the QIAGEN column. Other published protocols (1, 4-8, 10) also failed to produce pure plasmid DNA from our streptococcal strains. Viridans group streptococci appear to be very resistant to lysis, and enzymatic treatment releases large amounts of degradation products, which strongly interfere with the purification procedure. Only by the unique combination of all steps described was it possible to overcome these problems and to obtain pure plasmid DNA from these gram-positive bacteria.
By use of the plasmid DNA isolation protocol (Table 1 ), 1 to 1.5 g of the low-copy-number plasmid pGKV210 was obtained from an overnight 15-ml streptococcal culture. Plasmid DNA was also isolated from culture volumes as small as 5 ml, by using the volumes of reagents given in Table 1 . For largescale isolation of plasmids, volumes of reagents (Table 1) have to be increased proportionally with the increase in culture volume.
The isolated plasmid DNA was introduced into viridans group streptococcal strains by electrotransformation. Transformation frequencies were similar to those obtained with CsClpurified plasmid pGKV210 (unpublished data).
Plasmid pGKV210 isolated by our method was sequenced with the Taq DyeDeoxy Terminator Cycle Sequencing Kit (Applied Biosystems, Inc., Foster City, Calif.). The sequences from the plasmids purified either by CsCl or by our new method were easily readable, and the qualities of both sequences were similar (data not shown).
The plasmid isolation procedure (Table 1 ) was applied to two other viridans group streptococcal strains (Fig. 1 , lanes 5 and 6) and three Staphylococcus aureus strains (Fig. 1, lanes 8  to 12) which had been transformed with pGKV210. Plasmids of high purity were obtained from all strains. The presence of lysostaphin in the lytic enzyme mixture was essential for isolation of pGKV210 from Staphylococcus aureus and did not influence isolation of plasmids from viridans group streptococci ( Fig. 1, lanes 6 and 7) . The use of lysostaphin as the single lytic enzyme in the protoplasting step of the Staphylococcus aureus strains (10) was insufficient for the isolation of pure plasmid pGKV210. In addition, a protoplasting period of 10 min (10) was too short for our Staphylococcus aureus strains. A protoplasting period of 30 min showed variable results for the strains (Fig. 1, lanes 9 and 11) , whereas a period of 2 h always yielded well-purified plasmid DNA (Fig. 1, lanes 8, 10, and 12) .
In addition to the cloning vector pGKV210, endogenous plasmids of different sizes present in several of the viridans group streptococcal and Staphylococcus aureus strains were isolated by our procedure (Fig. 1, lanes 5 to 12) . Since isolation of endogenous plasmids is often difficult, this protocol can be of great value in the studies of such important topics as plasmid-borne virulence factors, antibiotic resistance, and spreading of such traits in the bacterial population.
In conclusion, our plasmid isolation protocol provides a simple method for the isolation of plasmid DNA from viridans group streptococci and Staphylococcus aureus strains, yielding plasmid DNA of high purity which can readily be used for purposes like restriction analysis, subcloning, electrotransformation, and automated sequencing. This plasmid isolation procedure simplifies the selection and recovery of cloned genes using plasmid-based cloning systems in viridans group streptococci and other gram-positive bacteria and facilitates studies of endogenous plasmids which can also be isolated by this protocol.
